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WIXGUNSWEPTANDS%EPTBACK45° 

By Walter J. Bums an3 Joseph L. Anderson 

In order to obtain lateral~ontrpl information for use in the design 
of aircraft, tind-t-1 teats were tie to determine the aermc 
characterlstice of a setiepan wing with a modified NACA 00X2-64 section 
ard a 26.&percent-chord, plain, trailivdge aileron. Results are 
shown for the wing with the 0.229-chard line unswept and swept back 45' 
and for a M%h nzmiber range from 0.40 to 0.925. Data were obtained with 
the tra3.ling-edge aileron deflected from O" %o 15O. 

The results for the zlnawept wing showed that the onset of trailing- 
edge aileron overbalam=e and loss in effectiveneea did not occur until 
approximately th&&ch number of lift a3ld drag divergence was reached. 
The results for the wing.swept back showed that the aileron did not -over- 
balance or loee effectivenese up to the higheetXeat.kch number (0.95). 

AE a baeia for the developmnt of methods for adequate latiml GUI+ 
trol of high--speed aTrplanes, an investigation wa8 unde-n in the -8 
l&foot hi-wed wind t-1 of a late~alcontro~~evelopment model. 
This model con&et& of a semispan wing with an XACA OOl2&4 secti.on 
ff_tted with a 2wrcent-chord, plain, trailing-edge aileron. (See ref- 
erence 1.) Early in the investigation it wa6 foti that the aUerrm 
becanvs overbalanced and lost effeotivenees at moderate speeds and was 
therefore not auftabh for a general study. Thetrailing-edge angle was 
reduced from 20.6~ to 13.1' by extending the trailing edge 9 percent of 
the wing chord in order to delay this overbalance and loss in effective- - 
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The teat reeulte preeented in this report are for the eemispan wing . 
with the modified ?&CA 0012-64 section ati with a 26.&percenkho@, 
plain, trailing-edge aileron. 

NOTATION 

The coefficients and symbols used 
follows: 

drag coefficient 
( > 

d.w3 
qs 

aileron hinge-molllent coefficient 

lift coefficient - 
Pi: > 

in thie report are defined a8 

aileron hkge molnent 

9 Ca ba > 

roU.ing-mo~nt ccHficient about a longitudir& axifl at the root 

chord parallel to the air stream 

pitching- nt coefficient about a lateral axis paeeing through the 

quarter -point of the mean aer&ynamic chord pitching moment 
q= 
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A aspect ratio 2b2 
( > s 

a speed of sound fn air, feet per second 

b eemispan of Mel, feet 

ba 

C 

aileron spn parallel to the hinge lb, feet 

chord ofthewing parallelto the plane of s-try, feet 

c mean aerody-namk chord 

C a 

M 

Q 

R 

S 

v 

Y 

a 

root-msaz+square chord ofaileronbetweenhinge line and the 
free edge Illeasured perpendTculaz to the hinge line, feet 

b&h nmiber 

dynamic preesure ,pounds per square foot 

Reynolds mmiber 

area of semispn model, square feet 

velocity of the free air stream, feet per seoond 

spanwise distance from wing root, feet 

angle of attack of model, degrees 
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A 

6a 

P 

P 

u 

aAcARMAgL27 

imrcmnt due to ail&on deflection 

aileron deflection measured in a plan&normal to the hinge line, 
positive when the free edge is deflected d ownward, degrees -. 

absolute viscosity of air in the free air stream, pound-seconds 
per square foot 

. 

- 

raase density of afi in the f&e air stream, slugs per cubic foot 

The subscripts used denote the following: 

uncorrected 

L.E. leading edge 

T,E. trailing edge 

The model was a semispan wing with the NACA OCU.2--64 section peg 
pendicw to the 0.2Miwhord line & used fn reference 1, but was 
modified for these tests by extending the trailing edge 9 percent of the 
wing chord. This afterportion W&B developed by drawing straight lines 
tangent to the section and to the trailwdge radius. This malifica- 
tion changed the reference-chord line from the 0.2whord line to the 
0.229-chard line. The coordinates for this modified section, which was 
11 percent thick, are given in table I. This modification reduced the 
trailiwdge angle from 20.6O to 13.1°. 

Teds of the model both unswept and swept back 45'were conducted 
in the Ames l&foot hi-peed wind t-1. The wing spar of the model 
extendedthroughthe tuanelwallandfastenedto the balance frams. For 
the wing unswept the 0.22+chord line was perpendicular to the air stream. 
For the wing swept back 45' the model was rotated back about the 0.45% 
root-chord point until the 0.22+chord line was 45O to the air stream. 
Model geomtry for the wing unswept and swept back 45O is listed in 
table II and is shown in figure 1. A baffle (fig. 2) was installed on 
the model near the tunnel wall to direct the leakage air from the tunnel- 
wall gap away f&m the surface of the model. 
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The wing was fitted with a leadimdge aileron and a trailiwdge 
aileron. The leawdge aileronwasinstalledas is indicated infigure 
I, but was not deflected for the tests rep& here. The trailing-edge 
aileron occupied 26.6 percent of the wing chord perpe-odicular to the 0.22% 
chordlIne andextendedfrora0.56 of the unsweptiingsemispantothe tip 
andetiendedfmm0.48 of the sw-ept-back-wing seraispantothe tip. This 
aileron was flat-sided with a radius nose ati was also unsealed. For these 
tests this aileron was deflected from O" to 15O- There were gaps of l/16 
inchbetweenthe ailerons andthewing. The aileron was restrained by a 
cantilever beam to which were glued reelstance--type strain gages for the 
IoeasurelPent of the hinge momnte, 

The tunnel test section was modified between the testa of reference 
1 and the tests of this report, This tunnel modification was made by 
the addition of flats to the tmmelwalls which reduced the tesaction 

.breadth to 12 feet. 

The test Mmh nrmibers were corrected for the blockage effect of the 
model bg the lpethcd ontlimd in reference 2. This correction increased 
the uncorrected Mach nuniber about 1 percent at 0.80 %ch number and about -m 
4 percent at 0.925 Wh number. The angle of attack, the drag coeffI- 
cients, and the rolling4mm nt coefficients were corrected for the effects 
of the tunnel walls by the IoethOa outlined in reference 3. These correc- . 
tions differ f~omthose of reference 1 because of the change in the size 
of the tunnel test se&ion after the tests of referen& 1. The spflnld 
distributiom for a Mach nuniter of 0.80, as determimd from static pres- 
sure ~asxxremnts, were used as a basic for these corrections. 

The corrections were applied to the data as follom: 

For the wing unswept: 

5 = o.8g4czu 

For the wing swept back 45O: 

a - t~u + 0.61%~ 
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CD = C% + 0.00gocL2 

ct = o.892czu 
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No corrections were made for the effect of the approximately 3-inch-thick 
tunnel-l-l boundary layer passing over the model. No corrections were 
made for the effects of elastic deformation of the aileron or wing under 
load as the rigidity of the model made these corrections negligible. 

RESULTS AND DISCUSSICN 

The results presented in this report are for the semispan wing 
unswept and swept back 45O for a Mach number range from 0.40 to 0.925, 
and with the traiUng++dge aileron deflected from O" to 15'. The aver- 
age Reynolds numbers for these tests are shown in figure 3. 

The aerodynamic characteristics for the wing unswept and swept back 
45’ and with the control surfaces undeflected are shown in figures 4 
through 6. Figure 4 shows the variation of lift coefficient with angle 
of attack; figure 5 shows the variation of drag coefficient with Mach 
number; and figure 6 shows the variation of pitching+noment coefficient 
with lift coefficient. The Mach number of lift and drag divergence for 
the wing unswept was about 0.82 at low lift coefficients. For the wing 
swept back 45O, the lift and drag diver nce.had not been reached at the 
highest Mach number of the tests (0.925 

The results of the tuft studies of the flow over the wing unswept 
and swept back 45O are shown in figures 7 and 8. For the wing unswept, 
the flow separated first in the region of the inboard end. of the trailing- 
edge aileron and the separation progressively covered a larger area as the 
stall was approached. The surface discontinuities caused by the clearance 
gaps at the inboard ends of both ailerons probably contributed to the 
separation in this area. For the wing swept back 45O, the flow of air 
began to separate first at the wing tip and, as the angle of attack was 
increased, the separation progressively covered a larger area. For both 
the wing unswept and swept back 45O, the fl- of air over the wing root 
was parallel to the tunnel wall ani showed no indication of disturbance 
by the gap at thetunnelwall. 

The increments of rolling-moment coefficient due to deflection of 
the trailiwdge aileron for the wing unswept and swept back 45O are 
shown in figure 9. The increment of rollingament coefficient was 
obtained by the transfer of the rolling moment .about the balance axis to 
the model axis and the subtraction of the rolling moment due to the wing 
itself. Thia resulted in SOB scatter; therefore, the rolling-naomsnt 
coefficienta were faired to obtain the data as preeented. The variations 

. 
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of the effectiveness parameters CLs, Cms, and Ctg of the trailix&dge 

aileron with Mach number are shown in figure 10. A posftive aileron 
deflection produced a negative increment of rolli- nt coefficient 
(fig. g(a)) at 0.875 Mach number and a0 angle of attack,and at 0.90 Mach 
number and.-&O, -2O, and O" an&e of attack. Figure 10 shows that, for 
the unswept wing, the aileron*effectiveness C2 increased slightly with , 

6 
increase in Mach number up to a Mach number of 0.77 (about the Mach number 
of divergence). Before the trailing edge was modified (reference l), the. 
aileron decreased in effectiveness with increase in I&ch nxnuber above a 
%ch nuniber of 0.60. For the wing swept back 45O (fig. g(b)), there was 
a greater decrease in increment of rolling-moment coefficient for the 
trailingddge aileron with increase in angle of attack at 0.40 Mach num- 
ber than at higher Mxch numbera. The parameters Ck, C%, ad. Cl6 me 
shown to diverge at about the same Mach number (fig. 10). The Mxch nm 
ber of divergence, with the ting unswept, occurred at about 0.80 &zh nm 
ber for each param&er, while the Mach number of dfvergence is not clearly 
defined for the swept wing. 

The hinge+xment coefficients for the trailing-edge aileron for the 
wing unsvept end swept back 450 are shown in figures ll and 12. For the 
wing unswept, the M%ch number at which overbalance occurred for the 
trailing-edge aileron was about 0.85 (fig. 11). This was an increase of 
about 0.15 Mach nuJ&er over that M%h nusiber at which overbalance of the 
trailing4ge aileron occurred before the trailing edge of the wing was 
modified (reference 1). R&ucing the trailing-edge angle' from 20.6~ to 
13.1° by the trailingdge modification probably accounted for the major 
part of this increase, with the reduction in wing thickness makfng some 
contribution. For-the wing swept back, the trailing4ge aileron never 
became overbalanced at or below the hfghest test Mach number (0.95). 

From the tests of the iateral-control-development model with a modf- 
fied NACA ql2-6& section it was found that, with a trailing-edge angle 
of about 13 , the trailing-edge aileron remained effective and did not, 
become overbalanced on the unswept wfng up to at least the &Each number 
of lift and drag -divergence of the wing. With the wing swept back 45O, 
this trailingedge aileron remained effectdve and did not becolpe pver- 
balanced up to the lllaximum tich nur&ber of the tests (0.95). 

Ames Aeronautical Laboratory, 
Rational Advisory Committee for Aeronautics, 

Moffett Field, California. 
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TABIX I.- COORDIXWESINPERCEXf!CRCRD 

FCB TEEMODIFIEDXACA OUl2-64SECTIOH 

station Ordinate 

0 0 
1.25 1.80 
2.50 2.40 

7:; ;:iE 
10.00 4.01 
15.00 
20.00 k-;i 
25.00 5125 
30.00 5.41 
35.00 

-g:z 
Z*E 
5:37 

50.00 

Zi:E 

2-g 

4:50 
70.00 3.45 
80.00 2.32 
9o.@Q 1.21 

100.00 0 

L.E. radius: 1.45 
T.E. radius: .lO 
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TABIB II.- MClCELDIMFZSIOmS 

R4CA RM AgX.27 

DimsIl%io?l 

semisp&n, feet 

SerQiepan area, squarf3 feet 

Aepect ratio (based on full epan) 

Taper ratio 

Mean aerodynamic chord, feet 

Distance from root chord to man 
aer~c chord, feet 

Wing root chord parallel to the 
air stream, feet 

Projected tip chord parallel to 
the air stream, feet 

Sweep of leading edge, degrees, 

Sweep of 0.229 wing-chord lins, 
depeea 

Sweep of trailing edge, degrees 

Sweep of leading-edge aileron- 
hinge line, degrees 

Sweep of traillng-adge aileron 
hinge line, degrees 

Wing thickness, baaed on chord 
parallel~o the air etream, 
percent chord 

Trailwdge angle, fn plane 
parallel to the air stream, 
degrees 

&swept 
Wing 

7 

13.3 

7=37 

0.50 

2.01 

Swept-back 
Wing 

5.327 

13.17 

4.31 

0.48 

2.68 

3.05 2.27 

2.572 3.442 

1.286 

2.41 
back 

0 

8.06 
forward 

0.95 
back 

5=30 
forwexd 

l-657 

47.41 
bck 

45 
back 

36.94 
back 

45.95 
back 

40.60 
back 

sL.01 

13.12 

8.39 

10.0 
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TABLE II.- Concluded 

11 

DbHlSion 

Section, perpendicrxlar to the 
0.229;wwmd line (see 
table I) 

Unswept Swepack 
Wing Wing 

JTACAoOE-64 
mod.ified by extend- 
ing the trailing- 
edge gipercent chord 

Trailing--edge aileron: . 
Ratio of ailercm chord to wing 

chord, perpendicular to the 
0.22Mngshord line 

Span along the hinge line, 
feet 

Root-msn-sqyare chord, feet 

Area, behind hfnge line, 
square feet 

0.2660 

3.070 

0.407 

1.136 



c 
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I I 

-zig+ 
0.2293 chord /he 

Wing - unswepf 

13.76% chord 2660%~ rd 
L ALI &I. A 

Seciion A -A 
Modified NACA 001’2-64 secfion 

b- 5.327’ L 

Figure L - Geomefv of fhe /afef~~-confro/-deve/opmenf mode/. 
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r-0 2.- Abdel mounting twrangmnt, tin& swept back 45’. 
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I I 
I I 
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I I I I I l7f-l-t l-+-H 
I I I t I I A- t 

-.- 
. +x&7 

I I 

.4 .5 .6 .I .8 

Mach number, U4 

.9 I.0 

f’gUf8 3.0 Vffriuiion of Reyffokis mm&et with Much 
num&et for the wing unswept on@ swepf bock 454 
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s4 

for 

-4 0 4 8 /2 /6 20 24 
Angfe of ottuck, u,,deg 

oof 0 I 7 
Mof .4 .5 .6 .I .% .S 

I 
k-i 

A 
n 

./ t&J 

.80 

Fipu fe 4. - Variation of lift coefficient with ung/e of oftuck. 
AiXwun undefhcfed. 
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LO 

.8 

r I I I I I M 
I 0 0.40 I I !--Jo ! I I 

. - 
20 24 

(b) Wing swept buck 45*- 

F/guru 4: Goncluded , 
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.I2 
+na H Angie of ottock, Q *bCY 

1 

.5 .6 .7 .8 .S LO 
Mach number, M 

(U) wing Ut7SW8pt. 

Figure 5.- Vorhfion of hog coefficient with Moth 
number. Aileron undef/ected, 
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0 

Angle of attock, 

.4 .5 .6 2 .8 .9 I.0 
Much number, M - 

(6) wing swept &UC& 4s. . 

- Figure 5: Conc/utied. 
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0 %4b 
A .60 

.70 

.?5 
.775 
.80 

l z5 
.875 
.90 

.u4 0 44 
Pitching-moment coefflclent, Cm 

Cm Of + 

forMof .4 

(4) Wing unswept. w 

Figure 6: V0riution of pitching-moment coefficient with liff 
CoUfficient, Ai/eA7kl Ufld8ft8Ct8d. . 
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.85 
.875 
.so 

-04 0 704 
Pitching-moment cosffiden?, Cm 

I 
cm of 0 

I 
for M of .4 .5 

I I I I’ll I 
4 7 7 5491 bd I4 

.6 .7 .8 .S 

(b) Wing swept bock 45.. 

Figure 6: Conciuded. 
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Sfeady Rough 

toI M, 0.4. . 

Figure Z- Sta//lng charocferlsfics. Wing unswept, ffi/eron 
Udef/eCr’ed. 
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cl q 
Sfeady Rough 

1 
Sepomfed F&w b/r ec fion 

Figure Z- Confinued. 
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q lza 1 
Steady ffuugh Seporcrred Fhw dir ec f/on 

Figure i?- Gonchded, 
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Sf eady Rough Separafed Flow d/h&ion 

29 

Figure 8.- Stdhhg characferistics. Wing swepf bock 45; 
oi/efon undefjected. 
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q q 
Sf eady Rough Sepurafed Flow d/rscfion 

NAOA RM A9I2-j’ I 

w 

(3) M, 0.6. v 

Figure 8.- Gonfhued. 
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cl l?za 
Sfeody 

I 
Rough Seporufed Fhw direct/on 

Figure 8.- Confinued. 



1 
Steady Rough Seporofed Fhw direction 

(e) A(‘O.8. 
T 

(f) A#, 0.825. 

Figure 8.-. Continued. 
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(h) M, 0.875. 

Figure 8.- Confinued, 
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Steady Rough Sepurufed F/ow direcfion 

(i) M, 0.9. 0.) M, 0.925. 

Figure 8.- Conchfed. 
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0 4 8 0 4 8 0 4 8 
Aderon deflection, So * deg -pm&7 

4 ---- 

-2 -- 

0 

2 --- 

4 ---mm 

6 ----we---- 

8 -------m-------- 

10 -----m-.--w 

(0) Wing unswept. 

Figure 9.- Vafiafion of incremenf of rolling-momenf coefficient 
with tram-ng - edge oileron defiecif-on. 
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a, deg 

-4 ---- 
0 
4 ---- 
6 -------- 
8 mmm---emm-------- 
10 ----- 

,deg 
(b) Wing swepf back 45”. 

Figure P.- Concluded. 

I 

. 
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I 

0 

cm6 

-.04 

-.08 

wing unswepf 
wing SW8pf bC?Ck 45” - -- 

l I I I I I I I I I \i I 

u 
-4 -5 .6 .7 -8 .9 /.O 

Mach numbef,M -257 

figur 8 lo.- Vaf iation of the trailing -edge ai/efon effective- 

ness pafamefefs with Mach number. 
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-. /6 

(p-1------- 

f4 -----w-m 

I 1 I 1 I I 

(0) N, 0.40. 

of trailinq-edge aDwon A/ng8-mommt 
co&f Ikient with trailing-edge aihron defhtion. wing unsw*pt . - - 
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P 4 6 8 /O /P 14 

Aileron def/ect/on, & , deg 

(2) M, 0.75. 

Figure /I.- Continued. 
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.02 

C 
2 
0 

: 
9: -. IO 

-. /2 
0 2 4 6 8‘ 10 12 14 

A//eron def/eCtiOn, & , dsg 

(dl M, 0,80. 

Figure / f: Confinu8d. 
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2 4 6 8 /O 12 

Aileron deflection, & , de-g 

te) M, 0.825. 

Figure / /.- Confhusd. 
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0 

’ Ang/e of ottuck, a , deg 

2 4 6 8 /O 

Aileron deflection, & * deg 

(f) M, 0.85. - 

Figure /I.- Con timed. 
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.04 

.OP 

-. 10 

I I I I I I 
1 ] 1 1 ( ( Ang/e of offock, Q , deg 

0 2 4 6 8 /O 12 
Ai/8rOn d8fi8Ct/On, SO , d8g 

tg) M, 0.875. 

Figure I/.- Continued. 
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.08 

.06 

706 

Angle ofkftcrck, Q , deg 1 

i , 

2 4 6 8 /O 

Ai/erOn def/eCf/on, 80 , deg 

. 
(h) M, 0.90. 

Fi-gure /I.- Conchded. 
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&g/e of ottock, e ,tftPg/& 

2 4 6 8 10 I2 N  

Ai/aron deflect/on, & , d8g 

(0) At* 0.40. 

Figure f2.- Vuriation of troilinq-edge oi/eron hinge-moment 

coefficfent with trailing-edge oi/efoh def/ection. Wing Swept &ock. 
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Ang/e of ottuck, a ,deg * 
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Aileron deflection, 8, I dsg 
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Figure /Z- Continued. 
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(c) M ,  0.70. 

F/pure /2.- Contfnued. . 
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5 -- 708 c 

-T/f 

NAM R M  A9L27 

Apg/e of &tuck, rr,deg 

1 

- 

0 2 4 6 8 10 

A//sfOfl d8f/8CfiOn, & , tf8g 

(8) M, 0.80. 

F&W8 12: CO# f itW8d. 
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Ang/e of uftuck, Q ,dsg 1). 
-4 I- 
-2 - - 

0 
2 
4 m---m M 

0 2 4 6 8 

Aileron d8fi8Cl/of?, 80 a deg 

/O 

(g) M, 0.85. 

F/gUrS 12: Conf hued. 
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l \ -. /o 
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Angle of aftack , = rm7 
-4 -m 
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Aii8fOn d8fl8CfiOn, & t d8g 

(h) M, 0.875. 

FigW8 127 Continued. 
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